Arctic ecosystems are considered to be particularly valuable for studies addressing changes in ecosystem functioning, with studies across a wide range of organisms (Croll et al., 2005; Rautio et al., 2011) . Moreover, arctic ecosystems are extremely fragile and even minor environmental perturbations can have immediate and long-lasting effects (Weider & Hobaek, 2000) . Arctic landscapes are characterized by large numbers of lakes and ponds. In its entirety, the Arctic has been referred to as "the world's largest wetland" (Kling, 2009: 577) . Life in numerous small lakes and ponds contributes significantly to Arctic biodiversity and these can be viewed as oases in the tundra (Rautio et al., 2011) . Sphaeriid bivalves are often the numerically dominant benthic macroorganisms in aquatic ecosystems, where they play a key role in energy and nutrient cycling. Furthermore, they are a food resource for higher trophic levels, contribute to the bioturbation of sediments and create a physical resource for other organisms that use their shells (Cooley & Ó Foighil, 2000; Sousa et al., 2011) . However, despite their central role in aquatic ecosystems, diverse ecology, distributions, variation in abundance and habitat requirements, Arctic sphaeriids are poorly studied (Kuiper et al., 1989) , which makes their conservation and management difficult (Watson & Ormero, 2005) . There are only a few research works on the ecology of freshwater bivalves of northern Europe, which have been conducted mostly in the framework of general hydrobiological studies (Bagge, 1968; Solem, 1973) . Even less information exists for Russian European Arctic freshwater ecosystems, with the key sources being a few reports from almost a century ago (Odhner, 1923; Sidorov, 1925) .
The aim of this study was to estimate the biodiversity, abundance and distributional pattern of bivalves in relation to environmental factors in Lake Talatinskoe, northern Vaigach Island in the Arctic Sea (70813 0 31 00 N; 59812 0 39 00 E) (Fig. 1) . Vaigach Island is located on the continental shelf, between the shallow Barents and Kara Seas, separated from the continent by the Yugorsky Shar Strait and from Novaya Zemlya Island by the Karskie Vorota Strait. With average altitudes of 50 -100 m above sea level, it has an arctic climate and tundra vegetation (Zheleznova & Shubina, 2008) . Lake Talatinskoe is one of the largest lakes on the island (2.2 by 1.6 km); it is shallow and belongs to the basin of the Talata Karskaya River (Vekhoff, 2000) and is within the territory of the state regional comprehensive Vaigach Nature Reserve. The ice-free period lasts for 2.5-3 months, from early July to late September (Vekhoff, 1997) . The average temperature of the warmest month, August, is þ58C, the coldest, February, is -18.58C (Koreisha, 2000) .
Ninety-five benthic samples were taken at 14 stations from 6 to 25 August 2010. For each site, from 3 to 18 replicates were gathered, using a rectangular hand net (dimensions 0.28 m Â 0.5 m, mesh size 200 mm), covering a total sampling area of 0.14 m 2 at every sample. Samples were washed using a hydrobiological sieve (mesh size 0.56 mm) and fixed in 96% alcohol. At each sampling site, data were recorded for depth, substrate type, composition of macrophytes, mosses and presence of remnants of vegetation. The composition of the vegetation remnants was estimated as a proportion of mosses and macrophytes, expressed as a percentage. The dominant substrate types were recorded, taking into account the approach by Friberg et al. The temperature regime was recorded at 60-min intervals in Lake Talatinskoe (Station 1) using TR-1 data loggers in the period from 6 to 24 August 2010. Data were retrieved using TermoReg v. 2.0.1. At each site, the pH was measured close to the bottom using an Expert 001 probe (Russia) and conductivity (CND) was measured with a conductometer (HANNA Instruments). Water samples for chemical analysis were obtained at intermediate depths using a 0.5-l polyethylene bottle that was kept cool and dark until returned to the laboratory. Samples were analysed for chemical oxygen demand (COD) and the macro-ions (
. Hydrochemical analyses were performed in the laboratory of the Northern (Arctic) Federal University.
Mollusc abundances were calculated for each of the stations as average number of individuals per m 2 (Supplementary material, Table S1 ). A similarity matrix between stations was calculated using the Bray-Curtis coefficient and then analysed using CLUSTER software with an average-linkage clustering algorithm, based on the 4th root transformed average abundance data using the BioDiversity programme (McAleece et al., 1997) . Significance of differences between the parameters was estimated based on the Kruskal-Wallis (multiple comparisons) test using the programme PAST (Hammer, Harper & Ryan, 2001) . Principal component analysis (PCA) was carried out for ordination of sites, based on the abiotic factors measured during the study period. Abiotic factors were transformed as log(x þ 1) before analysis using PAST.
Multifactor estimation of the relationship of bivalves with environmental parameters was performed by canonical correspondence analysis (CCA). The direct gradient procedure of the analysis was performed in the programme CANOCO, v. 4.56 (ter Braak & Sˇmilauer, 2002) . The initial data on the bivalve abundance in samples for each site were square-root transformed (ter Braak & Sˇmilauer, 2002) . The analysis was focused on interspecies distances with Hill's scaling. The down-weighting of rare species was not corrected. The significance of the canonical axes was assessed by the Monte Carlo permutation test.
Detailed data about the abiotic factors for each site are given in Supplementary material, Table S2 . Mean water temperature decreased from 10.4 to 4.68C in Talatinskoe Lake during the study period. The diurnal amplitude ranged from 1.0 to 7.08C.
The PCA of environmental factors revealed differences among sites principally based on the substrate types, composition of macrophytes, mosses and hydrochemical parameters (Fig. 2) . From the projection on the first axis of variability the sites appear to be distributed along a physical gradient with substrate types mainly of silty-sand, sandy-gravel along one edge and with substrate types mainly of clay, silt, silty-gravel with remnants of vegetation and mosses on the other edge. Along the second axis the distinction of the stations was mostly related to the chemical gradient with mainly slightly lower conductivity or with mainly slightly higher conductivity located on the other part of the axis. Six bivalve species were found, all belonging to the family Sphaeriidae (Supplementary material, Table S1 ). The bivalve community was dominated by Pisidium casertanum (Poli, 1791) at 91.9%. The percentage of each of the other bivalve species was ,1%, with the exception of P. subtruncatum Malm, 1855 at 4.5%. Cluster analyses of freshwater bivalve communities separated the investigated sites into three basic groups (Fig. 3) . All selected groupings are dominated by P. casertanum, with the grouping defined by species presence and abundance. Each of them is confined to certain habitats. The settlement of the first group of freshwater bivalves is confined to silty-sand, gravel and clay substrates with remnants of vegetation (70% mosses and 30% grasses of the family Poacea). The mean depth ranged between 0.2 and 0.7 m. The mosses Tomentypnum nitens, Limprichtia cossonii, Calliergon gigantheum, Warnstorfia exannulata and poacean grasses were present. The average abundance of bivalves was 21.7 + 56.1 ind./m 2 . A second group includes siltysand and gravel substrates with no remnants of vegetation, mosses or macrophytes. The mean depth varied between 0.7 and 0.8 m. The depth was greater than in Groups 1 and 3 [Kruskal-Wallis test:
The average abundance of bivalves was 32.6 + 65.3 ind./m 2 . The third group is found on silty-sand, gravel and clay substrates with less vegetation remnants, composed of 85% mosses, 10% poacean grasses 10 and 5% macrophytes. The depth of the habitat of molluscs of the third group varied between 0.3 and 0.9 m. At such sites, overgrowing mosses Calliergonella lindbergii, Calliergon gigantheum, the macrophyte Hippuris tetraphylla and poacean grasses were present. A total of three species are found in this group. The average abundance of bivalves was 18.4 + 56.6 ind./m 2 , which was lower than in Groups 1 and 2 [Kruskal-Wallis test:
The smallest number of bivalve species is typical for the third group, while the highest is typical for the first and second groups (Supplementary material, Table S1 ).
Using CCA, from the total of 22 variables only 13 variables have a significant influence on species distribution (Fig. 4) . Sites with remnants of vegetation provide a favourable environment for P. dilatatum Westerlund, 1897 and Sphaerium sp. These species are positively correlated with the content of macro-ions (K þ , Cl 2 , Na þ ). Overgrowths of aquatic mosses, with high content of macro-ions and organic matter, are an optimal habitat for P. subtruncatum (Fig. 4) . Pisidium lilljeborgi Esmark & Hoyer, 1886 inhabits deeper sites with sandy-gravel substrate. According to the results of the SSA, P. casertanum appears to be a eurybiont, a highly tolerant species inhabiting a great variety of habitats and positively correlated with pH and salinity.
In general, the bivalve fauna in Lake Talatinskoe is taxonomically poor in comparison with the subarctic tundra zone (Bolotov et al., 2014) . Reduction of species diversity is typical for freshwater communities at high latitudes (Moore, 1978; Blaen et al., 2014) .
The Arctic contains some of the most inhospitable habitat for freshwater biota (Blaen et al., 2014) ; environmental conditions are extreme with a short growing period for vegetation (the water bodies are ice covered for most of the year) and low temperatures (Rautio et al., 2011) . The bivalves present in Lake Talatinskoe are widespread Holarctic and Palearctic Pisidium species, with the most abundant among them, P. casertanum, being a cosmopolitan species (Korniushin, 2002; Graf, 2013) . Populations of this bivalve have been reported in habitats ranging from ephemeral ponds to benthic zones of deep lakes (Burky, Hornbach & Way, 1981; Cummings & Graf, 2009) . This is consistent with the literature from other arctic and subarctic lakes, where Pisidium species frequently dominate (Greze, 1957) (Supplementary material, Table S3 ) and seem well adapted to cold (Guralnick, 2005) . Their brooding life history strategy (Cooley & Ó Foighil, 2000; Guralnick, 2005) might explain their colonizing success (Graf, 2013) .
Numerous studies dealing with the spatial distribution of freshwater molluscs call attention to the relative importance of physical and hydrochemical factors in structuring their communities (Dillon, 2000; Bo´dis et al., 2011) . However, the influence of abiotic factors on the structure of communities is not always expressed in comparable ways in different studies and, as a result, the most important abiotic factors in the distribution of molluscs appear to be different. Substrate type, current velocity and sediment characteristics have all variously been indicated to play the most important roles in the distribution of benthic species, including molluscs (Heino, 2000; Bo´dis et al., 2011) . Long-term studies in this area by other researchers have shown that, in some cases, hydrochemical parameters are key environmental factors affecting the benthic community structure (Free et al., 2009; Pe´rez-Quintero, 2012) . Our results show that substrate type, composition of vegetation and hydrochemical parameters all play an important role in the distribution of freshwater bivalves in Lake Talatinskoe. These results confirm that the most important environmental variables affecting the distribution and abundance of the benthic fauna, including freshwater bivalves, were substrate type, the abundance of aquatic mosses and hydrochemical parameters (Vuori, Luotonen & Liljaniemi, 1999; Heino, 2005) .
According to our results, P. casertanum is the dominant and most eurytopic species in Lake Talatinskoe. The data conform to the observations of Holopainen & Kuiper (1982) and Kuiper et al. (1989) , who found that, with respect to in lakes of northern Europe, P. casertanum occupies all types of habitat. Pisidium lilljeborgi was numerically insignificant and found suitable habitat in deeper lake sites having sandy-gravel substrates. Our results are in accordance with the observation of Lindegaard (1992) , who recorded few individuals of the P. lilljeborgi, and of Kuiper et al. (1989) who indicated that this species was very rare in Denmark. At the same time, Bagge (1968) found that P. lilljeborgi was a most eurytopic species in some Finnish lakes. Solem (1973) also observed that P. lilljeborgi was the quantitatively dominant species in lakes and preferred to inhabit sites under macrophytes in the sublittoral zone. Similar results were obtained by Grima´s (1961) in northern Sweden. Pisidium subtruncatum prefers substrates with overgrowths of aquatic mosses and water sufficiently rich in organic matter and nutrient concentrations, which is in accordance with previous studies (Grima´s, 1961; Solem, 1973) . Lack of ecological studies undertaken with P. globulare and P. dilatatum does not allow comparison of our data with other northern European populations.
Thus, the spatial distribution of bivalves along environmental gradients is likely to be based on the heterogeneity of the requirements of individual species. Species respond not to single environmental factors, but to complex gradients, consisting of varying environmental factors (Horsa´k, 2006) .
In conclusion, this study provides new data on the ecology of poorly studied sphaeriid species in arctic Lake Talatinskoe, which can be used in future ecological and conservation studies in the numerous lakes on Vaigach Island, a natural protected area. This provides a basis for expanded studies of the ecology of high latitude freshwater bivalves which will allow us to refine our understanding of the specificity of their ecological demands and of their life cycles, and will complement studies of their genetic diversity and species status.
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